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ABSTRACT 

We investigate the fraction of z ^ 0.3 Lyman alpha emitting galaxies (LAEs) which host active galactic 
nucleus activity, which is typically from 1 - 5% at 2 < z < 6. Using optical spectroscopy of 23 LAEs at 
0.2 < z < 0.45 selected with GALEX UV data, we probe for AGN with a variety of methods, including line 
widths, diagnostic line ratios, high-ionization emission, infrared activity and X-ray luminosity. We found that 
our sample of low-redshift LAEs has an AGN fraction of 43 ^'5%, significantly higher than at high redshift. 
While previous results have shown that low-redshift LAEs have a lower space density than their high-redshift 
analogs, these results show that star-forming LAEs at low-redshift are rarer still. Accounting for differences in 
available AGN classification methods, we conclude that rest-frame optical spectroscopy is necessary to identify 
low-luminosity AGNs in LAEs at high redshift, and that limits on the X-ray flux are necessary to determine the 
extent to which the AGN contaminates the Lya fluxes. 

Subject headings: galaxies: active - galaxies: evolution 



1. EVITRODUCTION 

Lyman alpha (Lya) emitting galaxies (LAEs) have been 
used for years as probes of the high-redshift universe (e.g., 
Cowie & Hu 1998; Rhoads et al. 2000; Malhotra & Rhoads 
2002; Ouchietal. 2005, 2008; Gawiseretal. 2006; 
Gronwall et al. 2007; Pirzk al et al, 2007; Nilsson et al. 
20071 120091: iFinkelstein et alJ (20017120081 l2009bl) . These 
studies have shown that LAEs are fairly common from 2 < 
z < 7, and more interestingly, their properties do not evolve 
strongly with time, with stellar populations and observed 
Lya luminosity functio ns which are ro ughly constant over 
this redshift range. IDeharveng et alj (120081) discovered 
- 100 low-redshift LAEs from 0.2 < z < 0.45 with the 
Galaxy Evolution Explorer (GALEX). They ruled out objects 
with Lya line widths > 1200 km s"' as broad-lined active 
galactic nuclei (AGN), although they typically could not 
rule out narrow-lined AGN, as the C III] or C IV diagnostic 
lines were either too faint, or located in a noisy part of the 
spectrum. They found that the Lya luminosity function of 
these objects was substantially different than at high-redshift, 
with low-redshift LAEs having a lower surface density and 
beingtypically less luminous in the Lya line. 

InlFinkelstein et al. (2009a), we studied the physical prop- 
erties of 30 of these LAEs which had optical counterparts in 
the Extended Chandra Deep Field - South (CDF-S) and Ex- 
tended Groth Strip (EGS), and found them to be significantly 
older and more massive than their high-redshift counterparts, 
with typical ages of a few Gyr, and stellar masses of ^ 10'" 
Mq. a few of these objects were poorly fit, which could im- 

' Observations reported here were obtained at the MMT Observatory, a 
joint facility of the University of Arizona and the Smithsonian Institution. 
These observations were also based in part on observations made with the 
NASA Galaxy Evolution Explorer GALEX is operated for NASA by the 
California Institute of Technology under NASA contract NAS5-98034. 
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TX 77843; stevenf@physics.tamu.edu 

^ School of Earth and Space Exploration, Arizona State University, Tempe, 
AZ 85287 

^ Center for Astrophysics, University of Science and Technology of China, 
Hefei, Anhui 230026, P R. China 



ply AGN contamination, but with only one object detected in 
X-rays, we could not discern AGNs from star-forming galax- 
ies. In this Letter, we present an optical spectroscopic study of 
23 of these low-redshift LAEs in order to determine the AGN 
fraction in LAEs at low redshift. While Deharveng et al. have 
already ruled out most broad-lined AGN, optical spectroscopy 
will enable us to search for narrow-lined AGN. Where appli- 
cable, we assume Hp = 70 k m s"' Mpc"', 57^ = 0.3 and ft a = 
0.7 (c.f. lSpergeletal.ll2007l) . 

2. DATA 

2.1. Observations and Data Reduction 

We observed 23 low-redshift LAEs in the EGS using Hec- 
tospec at the 6.5m MMT, w hich has a 1° diameter field-of- 
view ( Fabricant et al.ll2b05h . We obtained 2 hours of spec- 
troscopy on 19 March 2009, with spectral coverage from ^ 
3650 - 9200 A, and spectral resolution of ^ 5 A. We used the 
External SPECROAD ^ pipeline for data reduction (developed 
by Juan Cabanela; private communication). This pipeline per- 
forms standard spectroscopic reductions, including bias, dark 
and flat correction, and wavelength calibration (rms residuals 
« 0.1 A). We flux-calibrated the spectra using observations of 
Sloan Digital Sky Survey (SDSS) F-type stars. Further details 
on the observations and data reduction, as well as tabulated 
line fluxes, will be presented in a future paper (Finkelstein et 
al. 2009, in prep). 

2.2. Line Fitting 

The 23 LAEs varied in redshift from 0.2 < z < 0.45, thus 
we found 31 possible spectral lines which we could detect, 
from Mg II AA 2796, 2803 to [S ii] A6733. We examined flie 
expected position (using the redshift from ' Deharveng et alj 
(2008) as a first estimate) of each of the expected Unes in each 
spectrum, and noted whether it was detected. We fit a Gaus- 
sian curve to each detected line, using the MPFIT IDL soft- 
ware package*", obtaining the continuum flux, central wave- 
length, Gaussian cr and line flux. Errors on each of these 

^ http://iparrizarmnstate.edu/~juan/research/ESPECROAD/index.php 
* http://cow.physics.wisc.edu/~craigm/idl/idl.html 



Rest Wavelength (i) 

4000 4500 



Finkelstein et al. 




3.2. High-Ionization Emission 
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Fig. 1. — The full Hectospec spectra of two of our objects. The black 
spectrum denotes a galaxy which we determined to be dominated by star 
formation, while the red spectrum denotes a galaxy which is likely dominated 
by AGN activity, as evidenced by the [NeV] emission and diagnostic line 
ratios. 

parameters were estimated via Monte Carlo simulations by 
varying each spectral data point within its photometric un- 
certainty. Table 1 lists the object redshifts as determined from 
this spectros copy, which are consiste nt with (and refine) those 
published in lDeharveng et alj (120081) . 

3. RESULTS 

Figure [T] shows spectra of two of the observed LAEs, one 
which we classify as an AGN, and one which is dominated 
by star formation. While some features are obviously dif- 
ferent in the AGN, many still appear the same, thus one re- 
quires numerous diagnostics to investigate the presence of an 
AGN. Combining our spectra with the public data from the 
All- Wav elength Extended Groth Strip International Survey 
(AEGIS: iDavis et aTl ( 120071) ). we perform five tests to search 
for AGN. We first search for broad-lined AGN by examin- 
ing the widths of permitted lines. We then search our dataset 
for emission lines from ions which require high energies to 
ionize their current state, such as [Nev] (126.2 eV). Next, 
we use ratios of emissio n lines to classify them using diag- 
nostic plots from Baldwin. Phillips. & TerlevichI fl981 . here- 
after BPT). We then use infrared data from the Spitzer Space 
Telescope to probe for warm dust re-emission from absorbed 
high-energy photons. Finally, we use archival Chandra X-ray 
Observatory data to search for X-ray emission, which could 
be indicative of an accretion disk around a central black hole. 
In the following section, t he object IDs refer to those defined 
in lFinkelstein et al.l(*2009 a). In Tab l e 1 we list these IDs along 
with the IDs from Deharv eng et all (120081) . 

3.1. Line Widths 

Lines from the broad-line region of AGNs have velocities 
> 1000 km s-i, while narrow-line region lines have widths 
< 500 km s"' . Depending on the orientation, one may only 
see one of these regions, leading to two separate classification 
of AGNs: Broad-lined AGN (BLAGN, also called Type 1 or 
Seyfert 1), and naiTow-lined AGN (NLAGN: Type 2; Seyfert 
2). For each object, we measured the characteristic line ve- 
locity widths for all detectable, permitted transitions of H 1, 
He I and He II. Only EGS24 has a velocity width > 1000 km 
s"', with V = 1064 ± 17 km s"', and thus likely contains a 
BLAGN. The remaining objects have v < 300 km s"', imply- 
ing that if an AGN is present in the rest of the sample, it is 
narrow-lined. 



[Nev] and Hell are two of the strongest indicators of 
AGN activity to which our data are sensitive. We detect 
[Nev] A3347 or [Nev] A3427 inEGS16, EGS17, EGS18 and 
EGS24 at > 3 cr significance, and in EGS14 and EGS20, at 
2.9 and 2.0 a, respectively. The He II A4686 line is also an 
AGN indicator, and this line is observed at > 3 cr significance 
in EGS2, and at 2.6 a in EGS24. We note that although He II 
emission can also come from the w inds of Wolf-Rayet stars, 
these lines are typically broad (e.g.. lShaplev et al]|2003h . and 
thus that is likely not the case here. In addition, while the 
[Ne v] emission is most likely due to an AGN, there is the 
possibility that it arises due to shocks, although none of our 
objects solely identified by this line inhabit the BPT plane (see 
§ 3. 3) near the shock niodels of lDopita & Sutherland! (il995h 
(c.f. lvan Dokkum et al.ll2005h . 

[Ne III] A3869 is detected in numerous objects. However, 
this line may not conclusively point to an AGN, as its ion- 
ization potential is not much greater than [Olll]. As a con- 
trol sample, we examined SDSS spectroscopic data^, to see 
where objects with detected [Ne III] emission inhabit the BPT 
diagram. We found that at all fluxes, objects with [Nelll] 
emission populate both the star-forming and AGN sequences, 
implying that [Ne III] emission is not conclusive evidence of 
an AGN. 

3.3. Emission Line Diagnostics 

In Figure 2 we plot ratios of Ha/[Nll] versus 

1 lll]/H/3 to diagnose the ionizing source within a galaxy 
Baldwin. Phillips. & Terlevichlll98l|) . In this plane galax- 
ies segregate nicely, with separate star-forming and AGN 
sequences. The contours represent the two sequences 
as defined using ~ 10^ SDSS galaxies^, with the lighter 
contours representing the star-forming sequence, and the 
darker contours representing the AGN sequence. We plot 
each of our objects^ on this plane using the various colored 
symbols. We also plo t the th eoretical maximum starburst 
line from i Kewley et a l.l (120011 ) and the star f ormation/ AGN 
demarcation line from Kauffm ann et al.l (l2003h . We estimated 
flux limits for undetected lines by placing mock emission 
lines in the spectrum, and decreasing the line strength until 
the detection significance dropped below 3 cr, finding that 1 
cr line flux limits were typically w 1.0 x 10"'^ erg s"' cm"^. 
In objects where any of these lines was undetected, we plot 
their 3 cr upper- limits. 

EGSl, EGS3, EGS14, EGS15 and EGS24 appear to unam- 
biguously lie on the AGN sequence, and we henceforth clas- 
sify them as AGN. EGS24 has already been noted for its broad 
emission lines, as well as its [Ne v] and He II emission, and 
EGS14 also has a 2.9 a [Nev] detection. Although EGSl, 
EGS3 and EGS15 were not indicated by either of our pre- 
vious classification methods, they are located very far from 
the star-forming sequence, and significantly higher than the 
maximum starburst curve. However, EGS 1 appears to be in 
the LINER regime, and thus if an AGN is present, it may 
not be dominating the observed continuum and line fluxes. 
EGS 16, EGS 17 and EGS21 lie in regions which could corre- 
spond to either AGN or star-forming galaxies, as well as near 

' http://www.mpa-garching.mpg.de/SDSS/ 

* From the CMU-Pitt Value Added Catalog; 
http://nvogre.phyast.pitt.edu/vac/ 

^ EGS27 cannot be plotted in the plane as Ha was shifted out of the ob- 
servable range. 
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Fig. 2. — Our 23 LAEs plotted on the standard BPT line ratio diagram. 3 a upper limits are plotted for undetected lines. The light and dark gray contours 
represent the star-forming and AGN sequences, respectively, from SDSS data, with the star-forming contours representing 2, 15, 25, 60, 100, 300 and 500 galaxies 
per 0.03 X 0.03 dex bin, and the AGN contours representing 5, 8, 12, 20, 40, 75 and 100 AGNs per bin. The dotted line is the maximum starburst curve from 
Kewley et al. (2001), while the dashed curve is an updated SF/AGN demarcation line from Kauffmann et al. (2003). The soUd lines denote regions expected to 
be inhabited by Seyfert 2's and LlNERs IKauffmann et aUl2003i) . "EGSIO was identified as a possible AGN from the BPT O I A6300/Ha versus [O II]/[OlII] 
plane. 



the Kauffmann et al. demarcation line. EGS16 and EGS17 
have detected [Ne v] emission. As EGS21 was not indicated 
by any of our previous methods, thus we also only consider it 

a possible AGN^ 

Baldwin, Phill ips, & TerlevichI ( Il981h also derived classifi- 
cations using lines of Ol and [Oil], and their Fig. 4, which 
plots Ol A6300/HQ; versus [Oll]/[Olll], shows a clear sep- 
aration in 1 A6300/Hq!, with nearly all power-law ioniza- 
tion objects (i.e. AGN) having log(Ol/HQ!) > -1, and all star- 
forming objects having log(Ol/Ha) < -1.5. We find that out 
of the five objects which have > 3 cr detections of 1 A6300, 
EGS 10 and EGS24 exhibit log(0 l/Ha) indicative of AGN ac- 
tivity, of -0.74 and -1.05, respectively. EGSIO was not indi- 
cated by any of our previous classification methods, thus we 
now regard it as a possible AGN. 

3.4. Mid-Infrared 

iStern et aTl (I2005h defined a color-color region using colors 
from the Spitzer Infrared Array Camera (IRAC) which pref- 
erentially selects AGN in the redshift range of our sample 
(20% contamination), due to the rising power law spectrum 
(i.e. from warm dust) exhibited by these objects. We exam- 
ined the AEGIS IRAC catalog and found that four of our ob- 
jects were covered by the IRAC data: EGSl, EGS9, EGS15 
and EGS27. All four were detected in all IRAC bands, while 
only EGS27 lies within the selection wedge, at ~ 1 cr from the 
edge. Thus, we regard EGS27 as a possible AGN. While other 
methods select the remaining three objects as AGN, they all 



reside outside the wedge. 

3.5. X-rays 

The Chandra AEGIS-X 200 ksec catalog (v2.0: lLaird et alj 
(120091) ) has limiting soft and hard-band luminosities of 
Lo.5-2feV(SB) = 1.5 X 10"*" and L2-iofei/(HB) = 1.1 x lO'*' erg s"' 
(z = 0.3), respectively, thus if our objects had typical AGN X- 
ray luminosities, we should be able to detect them. We exam- 
ined the positions of each of the 1 1 objects which were cov- 
ered by the Chandra observations, and found that only EGS9 
has a X-ray counterpart within 5"(a separation of r < 0.19"), 
with full-band luminosity hps = 8.0 ± 1.5 x 10"^' erg s"' (at z 
= 0.246). While star-forming galaxies typically show hfB < 
lO'*^ erg s-i dSzokolv et all 120041) . EGS9's hardness ratio of 
-0.13, which when combined with the X-ray luminosity, sat- 
isfies the Szokoly et al. (2004) AGN criteria, thus we regard 
EGS9 as a probable AGN. The hardness ratio is consistent 
with the emission detected at 24 /im (see §3.5), which could 
imply that dust is obscuring some of the X-rays. An object 
similar to EGS9 at high-redshift likely would not be selected 
as an AGN via its X-ray flux, as its X-ray/Lya flux ratio of 
^ 1.2 is much less than the typical limit from the Large Area 
Lyman Alph a (LA LA; Rhoads et al. (2000)) survey of > 10 
dWang et al.l l200l . 

Out of the 10 X-ray undetected LAEs, our previous meth- 
ods have found possible AGNs in six of them. This can 
be understood given the unification picture of AGN (e.g., 
lUrrv & Padovani.1995,) . where one has a direct Une-of-sight 
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TABLE 1 
Measured Object Properties 



Object 


ID 


Redshift 


FWHM/. 


24 fim Flux 


AGN 


Class 








(km s 


) 


(mjy) 


Grade 


Method 


EGSl 


32462 


0.1996 









B 


3 


EGS2 


7430 


0.2U/8 


221 ± 


1 


0.23 ± U.U2 


B 


2 


EGS3 


5087 


0.2102 


155 ± 


48 




B 


3 


EGS7 


18322 


0.2440 


220 ± 


1 


0.16 ih 0.01 


SF 




EGS8 


2682 


0.2395 


206 ± 


5 




SF 




EGS9 


5715 


0.2462 


276 ± 


6 


0.20 ih 0.01 


B 


4 


EGSIO 


17005 


0.2466 


223 ± 


3 




C 


3 


EGS 1 1 


4719 


0.2524 


189 ± 


4 


r\ ^ A _l_ n n 1 
U. 14 it U.Ui 


SF 




EGS12 


21404 


0.2515 


194 ± 


3 




SF 




EGS 13 


12279 


0.2607 


234 ± 


2 


n TA 1 A AT 

0.30 ± 0.03 


SF 




EGS 14 


14069 


0.2578 


229 ± 


13 




A 


2,3 


EGS 15 


21024 


0.2630 


174 ± 


29 


0.23 ± 0.02 


B 


3 


EGS 16 


3488 


0.2643 


211 ± 


12 




A 


2,3 


EGS 17 


3525 


0.2647 


244 ± 


13 


0.62 ± 0.06 


A 


2,3 


EGS 18 


29573 


0.2689 


200 ± 


10 




B 


2 


EGS 19 


31403 


0.2666 


200 ± 


3 




SF 




EGS20 


33559 


0.2680 


210 ± 


3 




C 


2 


EGS21 


9045 


0.2814 


229 ± 


7 




c 


3 


EGS22 


21579 


0.2828 


245 ± 


9 


0.16 ±0.01 


SF 




EGS23 


28751 


0.2865 


264 ± 


2 




SF 




EGS24 


23096 


0.3025 


1064 ± 


17 




A 


1,2,3 


EGS25 


29558 


0.3243 


240 ± 


1 




SF 




EGS27 


10182 


0.4512 


257 ± 


2 


0.29 ± 0.01 


C 


5 



Note. — ID number is from Deharveng et al. (2008). The redshift is the 
weighted mean of all lines detected at > 3 cr significance, with a character- 
istic eiTor Az ~ .00001. FWHM/> represents the width of detected lines of 
hydrogen and helium. The AGN classification grades refer to our level of 
confidence in the classification, and are detailed in §4.1. The last column 
denotes the method of classification: l=Line width, 2=Highly ionized line 
emission, 3=BPT line ratios, 4=X-rays and 5=IRAC color.. 



to see the X-rays from the accretion disk. When observing 
from other angles, the accretion disk can be blocked by the 
torus of dust and gas surrounding the center In this case, the 
dust emission from the torus may be re-emitted at long wave- 
lengths, thus we examined the MIPS 24 fim catalog from the 
Far-Infrared Deep Extragalactic Legacy survey (Dickinson et 
al. 2009, in prep). Out of these six LAEs, we found that 
three had a MIPS counterpart (EGS2, EGS 15 and EGS27; all 
9 MIPS detections out of the 13 LAEs covered are listed in 
Table 1), indicating that dust may be absorbing the X-rays. 

To see whether any of the six X-ray undetected LAEs clas- 
sified as AGNs harbor low-luminosity AGNs, we performed 
an X-ray stacking analysis. We found that the stack was 
marginally detected with a S/N ~ 2.L Assuming F = L4, 
the mean X-ray luminosity of the individually detected ob- 
jects is LsB (Lhb) = 1-39 ± 0.67 (L28 ± 2.82) x lO^o erg 
s"' at the median redshift of these six objects (z = 0.263). 
The S/N decreases to L8 when stacking all 10 X-ray unde- 
tected LAEs. This shows that the six AGNs are dominating 
the X-ray flux from all 10 undetected objects, and that they 
likely harbor low-luminosity AGNs, which are too faint to be 
individually detected in the AEGIS -X survey. Our NLAGN 
number density (see §4 .1) of 7 x 10"^ Mpc" "^ is consistent 
with this conclusion, as iHasinger et al.l (l2005h show that the 
number density of AGNs increases with decreasing luminos- 
ity, and n 1 X 10"^' Mpc"^ in their lowest luminosity bin 
(10'*2<L, < 10"*^ ergs-i). 

4. DISCUSSION 

4.L Final Classification 



We assign confidence levels to the classified AGNs, with 
objects indicated by two or more methods given a classifica- 
tion grade of "A"; objects with unambiguous classification via 
only one method are given a grade of "B"; and objects with 
a possible classification with one method are given a grade of 
"C." As shown in Table 1, we have 4 grade A, 6 grade B and 4 
grade C AGNs. Taking A & B classifications as being reliably 
indicative of AGN activity, we find an AGN fraction of 43% 
(10/23) in low-redshift LAEs. Including class C AGNs, this 
could be as high as 61% (14/23), while neglecting class B & C 
AGNs provides a minimum value of 17% (4/23). A classifica- 
tion of A or B calls into doubt the s tellar population modeling 
results of Finkelstein et afl (l2009ah for that particular object. 

Applying our AGN fraction (0.435) and SF fraction 
(0.565) to the 38/39 E GS LAEs at 0.2 < z < 0.35 from 
iDeharveng et al.l (120081) . we find total numbers of: 38 to- 
tal LAEs, 16.5 LAEs with NLAGN and 21.5 SF-dominated 
LAEs, corresponding to number densities of: 1.6 x 10"^ 
Mpc"^, 7.0 X 10"^ Mpc"^ and 9.1 x 1 0"^ Mpc"-^, r espec- 
tively. From their photometric sample, lOuchi etaTI (l2008h 
found LAE number densities of 5.1, 1.6, and 4.3 x lO"'* 
Mpc"^ at z = 3.1, 3.7 and 5.7, respectively. Comparing to 
our number density for all star-forming LAEs, we find that on 
average LAEs are 4 ti mes rarer than at h i gh red shift. This 
is a rough comparison, as IDeharveng etal] ( 120081) is a factor 
of ^ 7 more sensitive in luminosity to typical high-redshift 
studies. On the flip side, many of the AGNs here have low L^, 
and thus would not be flagged as AGNs at high redshift. 

4.2. Evolution in LAE AGN Fraction? 

Using X-ray data, typical AGN fractions in LAE sam- 
ples at z > 3 range from 



- 1% jMalhotra et all 120031: 
^"2007^, 'Ouchi et al.||2008|), in- 



iWang et al.|[2004t iGawiser et al .' , . . 

creasing to 5% at z ~ 2.25 (fNilsson et al. 2009), implying 
that the AGN fraction in LAEs may be evolving below z = 3. 
However, these studies only probed intermediate X-ray lumi- 
nosities, thus low-lumino sity AGN like we fin d in this Letter 
may have been missed. Dawson et al.l (12004 ) and Wang et 
al. (2009) examined z ~ 4.5 LAEs with rest-frame ultraviolet 
spectroscopy, and also found little evidence for AGN activity, 
with Wang et al. reporting an upper limit on the AGN frac- 
tion of < 17% from the upper limit on the C IV A1549 emis- 
sion line. Line widths can also be used at high redshift, how- 
ever BLAGN appea r to be rare in high-redshift LAEs (e.g., 
iDawson et a"l]|2004l) . 

Our AGN fraction of 43 for z - 0.3 LAEs is signifi- 
cantly higher than high-redshift measurements. While at first 
glance this is a fair comparison, as hi gh-redshift LAEs lack 
BLAGNs, and lDeharveng et al.1 (120081) removed all BLAGNs 
from their sample (8 out of 47 original EGS LAEs were re- 
moved as BLAGNs, corresponding to Ublacn = 2.1 x 10"^ 
Mpc"^ over 0.2 < z < 0.35; J.-M Deharveng, private commu- 
nication), only three of our methods (line widths. X-rays and 
high-ionization emission) have been used in LAEs at high red- 
shift. With only these methods we obtain an AGN fraction of 
26%, better suited to comparisons with high-redshift. When 
restricted to measurements available at high-redshift, we thus 
miss from 15 - 40% of the AGNs in our sample, implying 
that high-redshift LAE AGN fraction measurements may be 
lower limits. 

The AGN X-ray luminosities in our sample are ~ 100 times 
lower than current sensitivities at high redshift. Thus it is 
unclear if the LAE AGN fraction is evolving: If the low- 
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luminosity AGN we detect at z ^ 0.3 also exist at high red- 
shift, we cannot yet detect them (although the increase in LAE 
AGN fraction at z ^ 2 compared to z > 3 may be due to the 
decreased luminosity distance). Given the observed downsiz- 
ing trend o f AGN luminosity with decreasing redshift (e.g., 
ICowie e t al. 2003), the higher LAE AGN fraction at z 0.3 is 
likely a combination of evolution, coupled with the presence 
of undetected low-luminosity AGN at high redshift. Even if a 
substantial number of low-luminosity AGNs similar to their z 
^0.3 cousins exist at high redshift, their contribution to the 
total Lya flux is minor, scaling from the X-ray luminosity and 
the Lya to X-ray ratios of Seyferts (Kris si ll 9841) . This implies 
the Lya flux is star-formation dominated. Nonetheless, in- 
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